To assess the effects of depressive symptoms on asthma patients' reports of functional status and healthrelated quality of life.
P
atients with asthma who also have depression report more respiratory symptoms and have worse asthma outcomes. [1] [2] [3] [4] [5] [6] [7] [8] [9] According to the Medical Outcomes Study, depression and chronic diseases have additive adverse effects on patient functional status and well-being. 10, 11 The nature of the association between asthma and depression is controversial and complex-some investigators propose common physiologic etiologies, while others propose that depression develops in reaction to asthma. 2, 4, [6] [7] [8] [12] [13] [14] Despite the unclear association, patients with asthma and depression have worse outcomes as measured by traditional means, such as mortality and the need for more therapy. [2] [3] [4] [5] Currently, new outcome measures are becoming important in assessing asthma care. These outcomes focus on patient-reported functional status and health-related quality of life obtained from disease-specific and general health scales. [15] [16] [17] [18] [19] [20] According to the National Heart, Lung and Blood Institute's Expert Panel on Asthma as well as other sources, addressing quality of life concerns should be a routine part of outcome assessment for asthma patients. 15, 17, 19, 21 However, self-reports that depend on interpretation of physical sensations are influenced by psychological factors, such as depression. 12, 22 Thus, it is important to consider patients' psychological status when interpreting self-reports, especially if this information is then used to compare patients or populations. 12, 22 The objective of this study was to assess the effects of depressive symptoms on asthma patients' reports of healthrelated quality of life measured by the disease-specific Asthma Quality of Life Questionnaire (AQLQ) and the general health Medical Outcome Study SF-36.
METHODS
Patients were identified from the computerized appointment logs at the Cornell Internal Medicine Associates, a primary care internal medicine practice in New York City. All patients scheduled for an outpatient appointment with their physician, either housestaff or fulltime faculty, between October 1995 and October 1997 were screened. Patients were eligible for this study if they were between the ages of 18 and 62 years and had moder-ate asthma as defined by the 1991 National Heart, Lung and Blood Institute's Expert Panel on Asthma. 23 We chose a younger adult group because we were interested in measuring as broad a spectrum of functional status as possible, including employment and fulfilling diverse family responsibilities. According to the 1991 Expert Panel criteria, patients in the treated state have moderate asthma if they require medications daily, but do not require high doses of corticosteriods daily. Patients were recruited for this study if daily medications had been prescribed for them (data obtained from chart review) and if patients stated they took their medications daily. Patients were excluded if they had other pulmonary diseases, had severe comorbidity, were not fluent in English or Spanish, or could not provide informed consent because of cognitive impairment, as determined by their physicians. Patients were approached during their outpatient visits and informed of the study. If they agreed to participate, they were enrolled and interviewed in person at that time.
Interviews were conducted by one of the authors (CAM) and 2 research assistants trained by the author to ensure uniformity in interviewing and in responding to any questions from patients. Interviews were conducted jointly by CAM and research assistants as part of the training process. Joint interviews were also done for spot checks throughout the study to reinforce interviewing techniques. In these instances, 1 interviewer (CAM or a research assistant) would conduct the interview while the other 2 interviewers observed. These interviews were followed by discussions regarding what responses were recorded and what clarifications were offered. No formal interrater reliability analyses were conducted. Patients did not receive monetary reimbursement for their participation. Institutional review board approval was obtained for this study.
During the interview, patients were asked a series of demographic questions including educational level and household income. Annual household income per number of household members was calculated from the estimated total household income divided by the total number of people living in the household (including children and unemployed adults). Questions about asthma included duration of disease, symptom characteristics, estimated resource utilization (hospitalizations, emergency department visits, and urgent office visits for asthma) during the prior 3 months and use of a home nebulizer and home peak flow meter.
Patients were also asked to rate their current asthma activity with the global question, "How active is your asthma now?" with possible responses of "extremely active," "very active," "moderately active," "mildly active," or "not active." The use of global ratings of disease activity has been advocated in health-related quality-of-life research for a variety of reasons. 24, 25 For example, patients' global ratings reflect a composite of unique patient-specific conditions, which, although not precisely delineated, still provide valuable measures of health-related quality of life. 25 Although used predominantly in longitudinal studies, global assessments have been used cross-sectionally in several asthma studies. For example, in a recent study to develop an asthma severity index (defined as the number and intensity of exacerbations), response to a single global question was the best predictor of asthma severity among a series of items, including respiratory comorbidity, asthma precipitants, spirometry measures, and psychological factors. 26 For our study, the global assessment was used as a measure of current asthma activity, not as a measure of long-term asthma severity.
We also compared responses to the global question with medication use and frequency of exacerbations. Patients were asked what asthma medications they were currently taking; this information was compared with prescribed medications recorded on patients' charts. Frequency of exacerbations was obtained from response to the question, "How often do you have a flare?" with possible responses of "every day," "several times a week," "every week," "a few times a month," "once a month," or "once every few months." Patients were also given the questionnaires described below.
The AQLQ, developed by Juniper et al, is a diseasespecific scale composed of 32 questions with Likert-like response formats. 27 The questions are grouped into 4 domains measuring symptoms, activity limitations, emotional responses, and reactions to environmental stimuli. Scores for each domain, as well as a total composite score, can range from 1 to 7 with higher scores indicating better condition. The AQLQ has been extensively tested for validity, reliability, and responsiveness, has been shown to be sensitive to a wide spectrum of disease activity, and is one of the most widely used health-related quality-of-life scales in asthma research. 20, [27] [28] [29] [30] [31] [32] The Medical Outcomes Study SF-36 is a general health scale that has been used widely in cross-sectional and longitudinal studies. 33 The SF-36 is composed of 36 questions grouped into 8 domains. In addition, Physical Component Summary (PCS) and Mental Component Summary (MCS) scores can be calculated, which are transformed scores based on a mean score of 50 for each in the general population. 34 The SF-36 has been shown to be valid in asthma patients. 20, [35] [36] [37] The Geriatric Depression Scale (GDS) is a wellestablished, valid, and reliable screening instrument for depression. 38 It is composed of 30 brief questions with yes/no response formats. Scores can range from 0 to 30 (higher scores reflect more depressive symptoms); a score of 11 yielded an 84% sensitivity and 95% specificity for a diagnosis of depression; a more stringent cutoff score of 14 yielded 80% sensitivity and 100% specificity for depression. 38 The major advantage of the GDS over other depression scales is that it was specifically designed to measure psychological symptoms of depression and does not include somatic symptoms. This is important in our study because respiratory symptoms have been shown to confound depressive somatic symptoms in patients with and patients without respiratory diseases. 1,12,13,22,39 Although to our knowledge no studies have been done comparing the performance of different depression scales in patients with asthma, it has been shown in patients with other chronic diseases that instruments that include somatic symptoms can result in overreporting of depressive symptoms. [40] [41] [42] Thus, measuring psychological symptoms with the GDS provided the discriminative properties required for our study without confounding from somatic respiratory symptoms.
Other important considerations for our study were that the GDS has been formally tested in younger patients and in patients with chronic diseases. 43 For example, 1 study compared the performance of a variety of instruments in younger patients (aged 45 to 60 years) and older patients (aged 66 to 87 years) followed in family practice clinics and community settings. Among the various scales, the GDS was found to be one of the best predictors of major depression in the younger group. 43 In other studies, the GDS was also tested in physically ill patients already classified as depressed or not depressed on the basis of comprehensive clinical review. These studies showed the GDS was effective in differentiating depressed patients and not depressed patients with arthritis and with mild to moderate dementia. 43 The Charlson comorbidity index (CCI) is a weighted scale originally designed to evaluate the longitudinal risk of mortality attributed to comorbid disease. 44 In our study, patients were asked about major comorbid diseases using a standardized questionnaire. A CCI score was then calculated on the basis of assigned weights for different diseases. Scores on the CCI are usually reported from 0 (no comorbidity) to Ͼ 4 (significant comorbidity).
In addition to patients' reports of comorbidity, physician-assigned International Classification of Diseases, Ninth Revision ( ICD-9 ), codes for other diagnoses, including depression, were also recorded from patients' computerized charts. No formal questioning of physicians or review of office charts was done to ascertain the presence of depressive symptoms.
All questionnaires were administered during in-person interviews in either English or Spanish. Instruments that were not already available in Spanish were translated and back-translated according to standard techniques as part of this study. 45 Specifically, we selected 4 individuals (2 were research assistants) who were ethnically and culturally similar to patients in this study to first translate the questionnaires from English to Spanish, then back-translate from Spanish to English, and finally translate the questionnaires again to Spanish. Through discussion and consensus, these individuals made adjustments throughout the translation process to address issues of content and cultural appropriateness for our patients. Testing all translated questionnaires for validity and reliability in our patients was beyond the scope of this project. We also assessed the Spanish versions of the AQLQ and the SF-36 for cultural appropriateness in our sample through a similar process.
Data Analyses
Means and standard deviations were calculated for all continuous variables, such as AQLQ, PCS, MCS, and GDS scores. Frequencies were calculated for all ordinal and nominal variables, and comparisons of frequencies were done with the 2 test. Pearson product-moment correlation coefficients were calculated between pairs of continuous variables, Spearman rank-order coefficients were calculated between pairs where at least one variable was ordinal and the other was ordinal or continuous, and coefficients were calculated between pairs of nominal variables. [46] [47] [48] Comparison of mean AQLQ, PCS, MCS, and GDS scores for 2 samples were done with the t test; and for 3 samples or more, using analysis of variance. Independent variables were assessed for covariability by calculating correlation coefficients. Simple linear regression equations were then calculated with AQLQ, PCS, and MCS as the dependent variables and current asthma activity, GDS score, comorbidity, age, gender, race, marital status, education, work status, household income, recent resource utilization, use of a peak flow meter, and use of a home nebulizer as independent variables. Multivariate regression models were then generated for each dependent variable using several methods. First, percentages of variance explained ( R 2 ) from simple linear regression models were ranked from highest to lowest. Variables that were statistically significant at the P Յ .05 level in simple linear regression were then sequentially added to the multivariate model according to their R 2 values. For covariables with correlation coefficients of 0.2 or greater, the covariable with the highest R 2 was selected for further analysis. Variables that remained statistically significant at the P Յ .05 level in each multivariate model were retained to be included in the next model. [47] [48] [49] Through this method, independent variables were included in a stepwise fashion to generate the final models. In addition, other methods to generate multivariate regression equations were also used, such as incorporating demographic and comorbidity variables first. We did not use the principal components method for reducing the number of variables, however, because we wanted to measure the effect of individual variables. Multivariate models were developed using PROC GLM in SAS. All statistical analyses were done using the Statistical Analysis System (SAS Institute, Cary, NC).
RESULTS
A total of 1,174 patients were screened for this study; of these, 588 patients were ineligible because of age over 62 years or mild asthma. Of the remaining 586 eligible patients, 21% were excluded because of other pulmonary disease or severe comorbidity, and another 21% were excluded because they did not come for their scheduled physician visits. Approximately 18% of patients were excluded for other reasons, such as not being fluent in En-glish or Spanish. Only 5 patients (1%) refused to participate because of lack of time to complete the interview. In total, 230 patients (39% of those eligible) were enrolled. Of these, 45% were followed primarily by full-time faculty and 55% were followed by housestaff under the supervision of the same full-time faculty. Interviewing time was about 30 minutes, with the GDS requiring approximately 4 to 5 minutes to complete.
Patients excluded because of comorbidity (21%) tended to be older than enrolled patients. The 39% of patients excluded for other reasons, such as not coming for scheduled physician visits or not being fluent in English or Spanish, were similar to enrolled patients in age, gender, and spectrum of medications. We contacted by telephone a random sample of patients who did not come for their scheduled physician visits to find out about the status of their asthma and why they had not come. Some patients stated they forgot their appointments, some stated their asthma was not currently active and therefore they did not need to see their physician, and others stated their asthma was too active for them to go outside into the hot, humid weather or the cold weather.
Demographic and asthma characteristics for enrolled patients are listed in Tables 1 and 2 . The mean age was 41 years with a range of 18 to 62 years. Although 42% of the patients were Latino (mostly Puerto Rican and Dominican), only 8% preferred to have the interviews in Spanish. The mean duration of asthma was 20 years with a range of 1 to 58 years. Most patients required more than 1 medication daily. Almost all patients reported taking inhaled ␤ -agonists daily, and 77% of patients reported taking inhaled corticosteriods daily. Few patients were using leukotriene inhibitors, which first became available toward the end of the enrollment period. Although 27% of patients owned a home peak flow meter, only 7% used it Over 60% of patients considered their current asthma to be mildly or moderately active, and 25% considered it to be very or extremely active. Patients' ratings of disease activity were associated with frequency of flares ( r ϭ .37, P ϭ .0001); that is, patients rating their asthma as more active also tended to have more frequent flares. In addition, patients rating asthma as extremely, very, or moderately active were also more likely to be using oral ␤ -agonists or oral methylxanthines in addition to inhaled medications than were patients who rated their asthma as mildly or not active ( P ϭ .03). The mean GDS score was 11 Ϯ SD 8. Using the stipulated cutoff score of Ն 11, 45% of patients had a positive screen for depression based on the GDS. Using a more stringent cutoff of Ն 14, 32% of patients had a positive screen for depression. Of patients with a positive screen for depression, 29% reported a diagnosis of depression, and physicians diagnosed depression by ICD-9 code in 21%.
There were no significant differences in the frequency of depressive symptoms based on gender or marital status; however, the prevalence of depressive symptoms was higher in older patients, nonwhite patients, and those with less education. The prevalence of depressive symptoms was also higher in patients who were not working, in those with Medicaid insurance, and in those with comorbidity. Finally, there was a trend of increasing depressive symptoms and decreasing household income.
The SF-36 component summary scores and the composite AQLQ scores (transformed to range from 0 to 100) according to depressive symptoms are in Figure 1 . In addition, patients who had a positive screen for depression scored markedly worse on all domains for both scales compared with patients who had a negative screen for depression ( P Ͻ .001 for all comparisons).
In order to develop multivariate models for healthrelated quality of life, we first assessed bivariate relations between patient, asthma, and depressive symptoms (independent variables) and AQLQ, PCS, and MCS scores (dependent variables), shown in Table 3 . Patients with more depressive symptoms and patients with medical comorbidity had worse AQLQ scores than patients with fewer depressive symptoms. There was a trend for older patients and women to have worse AQLQ scores. White patients had better AQLQ scores, with no differences in scores between African-American and Latino patients. Patients who were divorced or separated scored worse on the AQLQ than patients who were married, widowed, or never married. Nonworking patients, those with Medicaid insurance, those with less education, and patients with lower income per household member had markedly worse AQLQ scores. Patients who had been in the emergency department or had urgent care visits with their physicians in the prior 3 months for asthma scored markedly worse on the AQLQ. A similar trend was observed for patients hospitalized versus those not hospitalized for asthma in the prior 3 months (2.8 Ϯ SD 1.0 vs 3.4 Ϯ SD 1.2). Patients who used peak flow meters and those with home nebulizers also scored worse on the AQLQ, possibly reflecting the use of these devices only by sicker patients. Similar relations were observed for the SF-36 scores, especially the PCS.
Associations among independent variables were assessed before conducting multivariate analyses. Household income had the greatest associations with most other sociodemographic variables: for example, r values of .34, .44, .57, and .62 for race, education, work status, and insurance type, respectively. Emergency department visits had the greatest associations with other resource utilization variables, but resource utilization variables were weakly associated with peak flow meter and nebulizer use. Table 4 shows results of simple linear regression with AQLQ, PCS, and MCS as the dependent variables. Variance explained, P values, and estimates with standard errors are listed for each covariable. The order of addition of covariables into the multivariate regression models was governed by percentage of variance explained by covari- 
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ables that had P values of Յ.05 (described in the "Data Analyses" section above). Table 5 shows 6 models constructed by stepwise addition of covariables along with the resulting variance explained and P values. Each successive model incorporated another category of independent covariables, specifically asthma activity, depressive symptoms, sociodemographic status, comorbidity, resource utilization, and the use of a home nebulizer. Asthma activity and depressive symptoms were added first because in simple linear regression for the AQLQ they explained the largest part of the variance and had P values of .0001 (seen in Table 4 ). Based on correlation matrices, household income was associated with most sociodemographic covariables, and emergency department use was associated with other resource utilization covariables; therefore, these 2 covariables were subsequently added to the model. Current disease activity in model 1, as expected, explained more of the variance for the AQLQ (R 2 ϭ 0.36) than for the PCS (R 2 ϭ 0.17) and the MCS (R 2 ϭ 0.11). In model 2, incorporating depressive symptoms explained more of the variance for all equations, with a 0.11 increase in the AQLQ, a 0.08 increase in the PCS, and a marked 0.38 increase in the MCS. In models 3 through 6 for the AQLQ, household income explained most of the additional 0.05 variance, while comorbidity, emergency department use, and use of a nebulizer were not significant. The AQLQ has a short range, but at every observed point in the range the standard deviation was low and the variances were equal. Therefore, use of a linear fit for estimating correlation and association is acceptable. Alternative models were also constructed with the addition of age and sociodemographic variables before disease activity and depressive symptoms. Disease activity and depressive symptoms accounted for a greater part of the variance than any of the sociodemographic variables and explained variance over and above that explained by all sociodemographic variables. For example, with age, gender, comorbidity, and emergency department use together initially in the model, the R 2 for the AQLQ was .16. When disease activity was added to this model, R 2 increased to 0.42; and when GDS score was then added, R 2 increased to 0.50. It should be noted, however, that age and comorbidity were no longer statistically significant in the model (P Ͼ .05), while disease activity (P ϭ .0001), emergency department use (P ϭ .008), and GDS score (P ϭ .0001) remained statistically significant. With PCS as the dependent variable, disease activity, GDS, and age remained statistically significant (P Ͻ .0001 for all), but comorbidity did not (P ϭ .07). With MCS as the dependent variable, age, gender, comorbidity, and emergency department use together initially generated an R 2 of 0.12. When disease activity was added, R 2 increased to 0.18; and when GDS was then added, R 2 increased to 0.52.
DISCUSSION
The results of this study showed that after adjusting for current disease activity, depressive symptoms had an important role in patient-derived functional status and health-related quality of life measured by the AQLQ and the MCS score of the SF-36. These effects were found with a global patient measure of disease activity and the 30-item GDS. Our study is the first large study to document the additive effects of asthma activity level and depressive symptoms on patients' reports of overall health-related quality of life.
Several prior large studies have assessed the impact of depressive symptoms on reports of respiratory symp- toms by individuals with and without pulmonary diagnoses. In a study by Dales et al., 600 "healthy" individuals were surveyed regarding 5 main categories of respiratory symptoms, such as breathlessness and wheezing. 22 Their results showed individuals with more depressive symptoms reported more respiratory symptoms in all categories. In another study by Janson and colleagues with over 700 individuals, there was also a strong association between more depressive symptoms and worse reported respiratory status. 12 The studies of Dales and Janson are important because they highlight the powerful influence of psychological status on self-reported respiratory status. Both studies concluded that psychological status should be considered and measured when individuals are asked to report respiratory symptoms. Neither of these studies, however, assessed asthma and the joint effect of asthma and depressive symptoms on patient-reported well-being. In contrast, Yellowlees et al. considered the combination of psychological status and severe asthma. 1, 13, 39 In a series of studies, these researchers found high rates (33%-40%) of psychiatrically diagnosed anxiety and depression in small groups of patients who had near-fatal attacks of asthma. 1 They also found that patients with psychiatric diagnoses reported more respiratory symptoms and worse quality of life than patients without psychiatric diagnoses.
The rate of depressive symptoms found in our study is notable, with 45% of patients enrolled from our primary care practice scoring over the threshold considered positive for depression screening according to the GDS. The GDS, originally developed for older patients but shown to be valid in younger patients, was specifically chosen for this study because it is not subject to the confounding effects of somatic complaints, which as shown above, are important when considering respiratory symptoms. Although the GDS is an excellent screen for depressive symptoms, it does not provide a diagnosis of major depression, which requires fulfillment of psychiatric criteria. In our study, physicians' diagnoses of depression were obtained by searching for appropriate ICD-9 codes in computerized charts. Using this method to establish a diagnosis of depression, we found that although not many patients had an ICD-9 code for major depression, 45% had a positive screen for depressive symptoms when a GDS cutoff score of 11 was used, and 32% had a positive screen when a cutoff score of 14 was used. This is similar to other studies that have shown that many primary care patients screening positive for depressive symptoms do not fulfill criteria for major depression, but rather have a milder affective syndrome. 50 The prevalence of depressive symptoms in primary care practices has also been reported by other researchers. For example, in a study of over 1,900 family practice patients screened for depressive symptoms with the Center for Epidemiological Studies Depression Scale, the prevalence of all depressive disorders was found to be approximately 22%. 51 In another study of 119 high utilizers of primary care, 45% of patients evaluated by a psychiatrist were found to have depressive symptoms requiring Several studies have also compared depressive symptoms in asthma patients to those in control patients with and without pulmonary disease. For example, one study found higher rates of depressive symptoms in asthma patients compared with healthy controls and another study found higher rates of depressive symptoms in hospitalized asthma patients compared with hospitalized patients with other pulmonary diagnoses. 14, 57 The precise nature of the relation between asthma and depressive symptoms is not known. Some researchers propose the same physiologic etiology, such as impaired voluntary activation of the diaphragm in depressed asthma patients, 6 or a cholinergic imbalance that links depression and smooth muscle bronchoconstriction. 3 Some researchers have found correlations between more depressive symptoms and worse forced expiratory volume in 1 second (FEV 1 ) and forced vital capacity, 8, 14 while other researchers have found no correlation between depressive symptoms and FEV 1 or bronchial hyperresponsiveness to methacholine challenge. 12 Other researchers view depression either as independently coexisting with asthma or as being due to the drugs used to treat asthma. 2, 4, 7 Alternatively, it is also possible that in some patients, asthma reduces quality of life (for example, when patients avoid desired activities that precipitate symptoms), which in turn causes or contributes to depression. 2, 4, 7 Because of the cross-sectional design of this study, directionality or a causal relation between asthma and depressive symptoms cannot be concluded from our results.
There are several limitations to this study. First, recruitment was limited to patients who came for scheduled physician visits and did not have severe comorbidity. Health-related quality of life and depressive symptoms may be different in these patients compared with enrolled patients. Also, although this study included patients from diverse sociodemographic groups, it is not possible to generalize these findings to all sociodemographic groups. Second, measures of current asthma activity were obtained from self-report. Performance-based measures, such as peak flow meter measurements, might have provided a more standardized approach to rate asthma activity among patients. Third, the GDS was originally designed to be a self-administered questionnaire. In our study, the GDS was administered during in-person interviews, which may have affected the way certain patients responded. Also, while the GDS has been tested in younger individuals, to our knowledge it has not been tested in individuals as young as some in our study. Fourth, although the GDS is an excellent screen for depression, we did not formally diagnose depression as part of this study. Finally, we did not measure other psychological states, especially anxiety, which have been reported to occur along with depressive symptoms in asthma patients.
The results of this study showed that asthma patients with more depressive symptoms had worse functional status and worse health-related quality of life than asthma patients with similar disease activity but fewer depressive symptoms. Whether this is due to depressed patients being more likely to report worse respiratory status or an intrinsic underlying relation between depression and asthma is not known. However, given the current emphasis on functional status and health-related quality of life measured by disease-specific and general health scales, we conclude that psychological status indicators should be considered when patient-derived measures are used to assess outcomes in patients with asthma.
